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ABSTRACT

This thesis represents aa aralysis of <h:z psrfcrmarncs of

the Naval Telecommunications Sysztem's (NTS) mul=ichannel
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(NAVCCMPARS) p:ocessing subsyst=ms 224 <+h=: 1aul=zichannel
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A. BACKGROUND

m:

ig =¢ prcvide and mairtain rsliaple, s=2cursz znd zacid *=liz
crs  *o sa*isfy =the <c23uirsmsrts ¢

Chicfs cf S=aff (JCS) and thiz nceds of aaval ~cn

b
th2 exezcisz of comrand ané cort=zol. Bacanss »

£ g
rzliarce cr ccamunications systams £for- commard 223 ccatzcel
£ o

the NTS has had =o handlie incrsasiag volumes ¢

tra€fic. Irn 1981, =<hs Naval Comaunica*ions P-ecsssing A

Rou*ing Sys<em (NAVCCMPARS) <cz2ceivad 123 mos2 masszges +ha
1

in 1980, and zcansmi*tzed 27X moz<e m3ssages (Ra2£f. 1]. Tnzs
inczeasing vclumss <f naval usssege <zraffic 2z: zxpecz2d *

ccnzipu=. Figure 1.1 de

ived daily by all NAVCO
linsar rsgr=ssicr, 2 jsc
+z%als =<hrough 1986.

The NAVCCMPARS was deszijyrn2d =zo sa:isfy zhe rneed for

t2 the +*9:al rumkter ¢ msszzge

IsC

\h

c
MPARS sites since 1975, ani us:in
h2 JAVCOMPARS daily r=c=i

ll
<
m

3
gors capable messags processing and delivery system. I-
zeduced manual prccessiny and rouzing of massagss as well as
t3e number of personnel =rseguirad f£cr  communica-icas furnc-

u m
~ions ty automa*ing cthar aspgscts of Ilget communica*iorns

]
n

such as c¢zn-line ship-shore anéd ship-sh s
The NAVCOYPARS is 2 softiwace sys=em =-hat providss
n

communice*icns interface Lbe+wasen 2f2nse Cemmuricazien
Agency (DCA) ne=vwerks, local uss-s and the <c¢pecza=icrna

(2
b
t> o
M

s

cug: th2 sultichannel €£1l22- broaicas+. All anidzTw2
ships aze =c-2quized *c copy an assiganz2d4 primary

(B}

channel, tased ugon thei: primary missior arza, a=d 2 ¢z

12

lest. 1The primary means of ccmmunica+ing with flse* uni<s

m
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LR A A i N AU oNc ' adhis- i

i: chaxrel. Tke multickarpel bzcadcas: c¢onsists 2f 16 subcrzn-

rels, =zach a< an izput rate of 75 bizs per szcend (to9).

These 16 sutchannels are time division mulriplexzd (TCM) znéd

ranspitted a+ 1200 bps. Oa2 of +*hz 16 subcharrels is
utilized as a £rams-sync charnnel, for p-oper syrnchnzcniza=ion
c¢f sheze and ship 1TCM equipmant. Tas primacy az+hcd fo:
transpitting the «ccmpesite bzdsadcast signal is via sa+=zl-
lite, Hcwever, tigh frequency (HF) transmiss:zon Zg u=ilizzd
in ccntingerncy opera<ions and £l2¢% exz-cisas.

Tte NAVCCMPASS keys the aultichann2l breadcast cn-1lizs,
effected ty the main-enance of compl e guatd list €£il:zs.
Tha <system assigns a broadcast channel saquence aumkber
(BCSN), starting wi<h 0001 on <he fi-st day >f each mcn<h,
fcr use in responding =c £l:==

o
(o]
1
O
[+
b
Q
[2']
n
ok
[17]
9]
(B}
10
Ww
H
B ]
]
[Tel
=
w
n
ct
w

(BSR) . These BSCN's provide an zaccoun<ing sys=—em £2I =hs
kroadcast, wnichk is a "receive orly" c n
withcut acknowledgement. Nermally,
Terun channsl is assigned for 2achk, fizst Cun chamael ¢
gsulzicharn2l broadcaszt. The sys=em z2lso gsnera=es an hcarly
zzcap sumnmarzy f£or each €fizst run charnnzl.

The MNAVCOMPARS <=-sceives its m

-

vacie<wy cf scurcss a* diffezing iapus zz-=es. dow=vsT <=hs

majority c¢f message <cwraffic is rsczivsd from -wo Au=cmazic
Ligital Ne*werk (AUTCLIN) circuits, oD

(*h2 numker cf *imzs per seccnd tha= *=hke <ransmi<=zed signali

2ra*iag 2= 1200 b=ui

changes i+s value). Since tha messa
<»” =~he fleet 1is beirg zransmizz2d ovez a2 75 bgs
+ m

+nis CcTeatzs an envirzoamen

PRI

O
[=

]
v
=

4
0
p
O
[~
[N
o
[ ]

Y

% P
[ o]
(-1
)]
=
i )}
n
()]
&

5t when *hz message zr-aasaission va=ze (dsfizad
as -he <chanrel's *ransmissior rat2 Jivided by =-h= m

S langth) is exceedesd bty =he messag2 izpu-~ razs, Dus =< =hs
P- .

& stwochas=ic flow of message <wraffic in commurnica-iens
ﬂ . petwcrks, tacklogs will <scme<imas 2xist =ver <hcugh =iz




channel's capacity exceseds <+he avs3sage messz23:  “l:ow,
Hcwever, <*he =-equired channel =zransm.ssicr sge¢d £2C arny
communica%<icrs chanrel must excz:e4 the avaT=as “lcw
{Ref. 2], ard can be <xpr:ss=4d by:

C =21 (Zaa. 1.1

s =lke chaanel's =ransmiszion -a+*s

(
~ha average message input Zaz= (m=sse

= 5 0O
[l
n

n

+he averace msssag2 length (bi=s/m=sszg3s

§a-

Tke akove aqraticr =xpresses =he nsbvicus ccndi=ist -has
ne-e ke encugh capacity to sa+isfy th2 aizimum =
cf +he 2verage flow th-ough <he communica<izns 3
O gives <-hree simplistic scluzions £fo- c-=4d
existing tacklog:

1. Incr:as= *he chara2l's z-arsmission ca==.
Z. keduce —he me2ssage input rate
3. Reduce the messag? leng+h.

NIS's managers consider a broadczst chzrcoeai baoclcg
ssricus when <thsz numkar of messagss 3 I
sxceeds 100. Whe:n a kackleg ccadition :xis+ts, ccamunica=ics
Esrscnn=l have *he «capabilizy 2% wvisually imsgzcting <hs

gqueues <cf any specific channzl, iacluding ==zch w:332g2
pr2cedsnce and intended addrzassses. Threes -ypes cf qieue

S*atus Ceports are generated by NAVCO#PAZS. Onz repc:st lis=s
th2 number cf queue entrizs Scr =& €

secord repoc-t adds “Lks iarended addressza2s fcro zac
The +hizd report cornsis4s of gueue liai~- wacrniags
channel's queue reacktes a preda+tsrmined threshold.

The cptions available 4c¢ manage: teduc=icn of

O 0
(R
(9]
(3]
of
4]
»

kroadcast gueus tuildup arz2 limitzd =

15
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1. Ac+iva<e a Ekzoadcas<w zv2zidadl channml (2lsz =a- 7€
kps) , usually emplcyz=d when =12 Dbacklog =weachss 150
messages.

2. Altroute equiped subscribzrs <o <he Ccmmon User
Cigi+al Information Fxchangs Subsys=sm (CUDIXS), a Ligh
spead outpu= charnel.

3. Al+rout2 high usz subscribers <o ancthsr broadcas: or
full pé¢ricd channel (again a

4., Notify thigh spzzd inp: 1
Categery I 2ard II (Flash and Imuwediazs precsdence) ~caffic
“z <he NAVCCMPARS.

Befors 2 communicatisns amanajer <ekes any acticrn <o
relieve a t-ansmissicrn queue builidup, h= must £

lie

szand the factors that caused i< 2rd i+ts <resul-an= =€
Qr. sukscriters. Ttis +thasis is desicned %¢ 2214 the ccmmu-
c

picaticns manager in “ha+« =2ffor+,

'y g
(.'.'h. Y
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s II. NAVCOMPARS DESCRIPTION

A. ECUIFMENT FUBCTICNS

-
- The NAVCOMPARS crperates on a duplexed UNIVAC series

S0/60 szrizs system, which 1is a ccamurica=iens o:iented,
L1L redius 3cal: o-ocesscr. Under *his Jupl:xed configu-a*ich,
cne centzal processirg unit (C2UY) arnd izs associa%<d eguip-

tackup mcde. Takle I givas a lis= 5>£f NAVCOMPARS' assccizz=4 :
ejaigEent,

-
o
11}

CPU consists o2 magns=ic cer: msmeTy uniss,

ead arithmetic units, and inpuz/outpuz (r,/0)

(=)

Erograr ¢Cn=I2
con=<zcl.

Rach CPU has a mcdular main m:

[‘I men~ are or linée while =zhe s=2cond CPU is mein=airzd :in 2
1

P m
kytess (8 Lzi+s capakle of cff =h

e system i: capabls of handling six levels cf memory sspara-
o

I} ] . ¢
?. tion, which epsures program 3arnd amozy Iatzagrizy Ia &
. rul<iprograesring a2nvizonamsn=t. I- is capakls c¢£f addressing

fixad leng*tk unis

1]

of da*a c¢£ 1, 2, 4, or 8 by+css 2nd vati-
=

abls lsag“hs 0f #2443 up to 256 charac=zars. The CEBU ccn<-ains

16 ger~tzal purpcse registsrcs, and p=2-forms decimal =zad
fixzd-pcint cosrztiors, as well as data harndling, Azcisior
and ccn=<rcl cparztiors. Th=2 -—nze2-nal 1logic £z *he ccn=ool
cf elemsrnzar orera*ions by the proc3ssor is ccntaia=g in

th2 rzad-orly certzcl msmory. A standard sez cf sys=en
iztecrupts respends wc varicus izt2rnal and sx-zrael conii

zions afifecting system cperations. A=< =he =iane cf in=ezTupe,

' Esocessing can Lte +erminatad, zupprasssd, or corplsa-=zd,
< d2psndizg or <thz ¢ype 9f in+a-rupt. Thz Zin<srzou

peraits I/0 activities tc proceed simil-anzously wzo<t
CFU ac*tivities.

DRI S SRR I

g
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TABLE I
BAVCOMP ARS Equipaent

MBodel N2. Description Quanzi-y
Main Frame Componsnts
90460 Certral Procassing Uni+2
956 Storage Protact 2
£019-45 Cloc 2
F1337-69 Selector Chanrel 2
4015 Ccrsole 2
AUIODIN Int2rfacs
161108 Precesso:x 2
162501 Da+a Exchangz Con=zgl 2
16570¢ ACIODIN Lin3® Contzol 2
Dizsc: Accsss Sz2zags Devicas
8495 Direct access s«o0r-ag: contcool 2
8439 Disk Dzives 19
5519 Myleichannzl Swizch 3
9¢/551 Direct access 3torags controel 1
5513 Muicichannsl Swi=ch 1
Irpus/OuxzEu®: Eguipasnt
S0/227 Pap2r Tap:s Rzadar (punch 1
5355 Tegm;qatg Fea<ucz (: ) 1
5337 End of Tatge 1
0716 Card Reader 2
0604 Card Puach 2
0768 Prinztar | 3
£332-1 ASCII Prirnt_Feazure 2
5017 Tape Con=olla: 2
0862 Tape Uni<+s ) 10
9G/310-24 Standard In<sz-zace Uni- 1
90/31C-22 Standard Tznteczface Unic 1
0768 Ccrsole Prin<ters 2
cemmunicazions 24uildmsl:
3024 Prornt End Procsszcr . 2
1928 Ccamynica<_ons Con<-cller Z
] Multicha nae )
5622 Message Sepazatiorn 2
Sd/712 Teletype Bufrf:zr 3 82
90/72C~21 Asynchronous daza sex_buffsr 14
3542 Vide¢ Display T2rmiaal 10
5763 Station Ssl28% | 19
5763 Operatcr Az+21a-icn 190
£765 S¢raan Address 19
5772 Display Expansion 10
Optical Characster R=2aders 1
Pager Taps eader | 2
R TIY Receive ¢niy poiatscs 3
: &774-200 L<ccal operation cable
5 extsnsiocrn 290 fze+ pA
L 50 fze+ )
{
-
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A multiplsxe:z is an in<eg-al part of tas CBU,

cepakle <cf accomodating 256 devicss, such =

3
sequential accass devices ia a varisty of zZcnfigu:z:z-ioss.

Figure 2.1 is a schematic shcewing the «configuza-icn ¢f zhs

sys=zm's in*erfacs with the data transamissiocrn d=svices,

> - M

| \ EJTODIN Lo 4 »
. ‘ GNETIY |cONTROL-  Z| <} =

'~ DISKS TAPE | ! LER i 2| T

| - | S P

\ . 1 u‘

\ o 5l g
A—-—-—A , [Fp] C_g’
¥ | \% \yV

equipmsent. The heart of the communicazions modulsz
front =nd processor (FzP), which providszss ke cer

90/60 PROCESSOR

A 7T

b — ....__)‘

\

" CONSOLE
; upt ;| PRINTER

k_____,/"—_“z

'
i
'

YTy e

7 CARD
READER

.
"
 SPIUUIPE—

Figure 2.1 NAVCOMPARS Bguipment Configuratior,

The hardwac-e con+zols daza “Tansmission acscuTacy ~asciegh
o}

pa-i=y ckecking, with auzoma*ic =2rzor TzcovaIy. An Immzdliaes
rzaj-af+er-writs occurs 2n any w-o=t=1 da-a, 1and zay chiar-
7] acter wi+h bad ©paczity is czplaced ia i=s 1main mszmcoy

gcsiticn with the sys*tem's =2rroc by+s.

———an o g
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The systea is bhuman wmcnizorad 2nd controll:=d, zni
managem=nt dscisions are wi=hin :h2 purvisw of cpsrator
perscnnel. The compu*er oparatos intsrfiacss wi<h the systen
via a set c¢f ccntrel switchas and 2a comnsole <ypewri+szr,
attached o the system by an 2xclusivs Tzurk of the mul<ei-
plexcr. Cperator functions includs loading p-oograms or data
into> wmemory, monitcring currant procsssing szate, arnd irntac-
rup=ing CFU operations, when -2quirzd.

BE. SUBSYSTEN FUNCTICNS

The NAVCCMPARS scfiwars sys=zep was dJdssigned &z & mul+i-
£ulZilling communica s

izstalla*ion systen, capable of
nzeds +hat arz sits uniguz. Th
+hzough =he modular design 5f tasz syst2n,
perfcrmance of site unigns requirsenzacs whils
commcn =ystem a:rchitectur2, szardari iis s:tru
s=andard I/C mzdia ard f£crmars. This acdvlacizy a
econcmical and efficient scftware maintenanc2 and enhzanca-
msnt, waich ansures systzm rslia

'0 o
l'
’-l
||
o
~
]

Cenzral <o tle design ccrncs oL =a: MNAVCOMP

ssparaticn ¢f sys*2m's func=ions iztm & numter

o :&’
U)
l-‘
n
o
15 24
0

tems. Tasks £0 be performed wishin 3 subsysism are

into 1logical sets ané assigned ¢ prsiz:zm

cvar th: aczivi+ies ¢f <-he modulas wi<hin a subsys=sam is
Y

maiatained by an activity schedulz:. Tach subsystem bhas
interface rsquir:zments wi*h =hs oczhéer subsyszams, and dces
s¢ <hrcugh ccamon da+a arzas (CDA). HOwevar zach subsys=znm
was devzlcpsd as a szparat2 sec=icn ¢f s0f-wer2, 3nd caa be
cperated inéividually o: as a g3group, d=p=14ing ugon =he

€error ccrdi=jion ¢f “Lke systenm.

Because ¢f the complexi<y 2£ cthe ovecell sy
major charac-eristics of <th2 NAVCOMPARS =subs
gr2serntsd [Ref. 3].
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1. Ccrfiguzasior Maragemeat Subsyszem

The Configuratior Management Subsystem (CHS) i3z <h=
tasic suksystem of <he NAVCOMPARS. The CMS pocvidss <he
vgrface tetween the hardware and scftwaze =zys=2

.J.

m
lud‘ng the UNIVAC VS/9 operating system. VS/9 is a sof=-

.‘.

wars packagz, develicpsd by UNIVAC, <hat providss all systiem
and I/0 ccn-rol logic for the 90,60 system. CMS ccnzzols all
sysz=spr marnag=mzn-= functions, iicluding =subsystem loz4ding,
CDA allcca*icn and devic2 acquisition., Ths CHS int:zrfzce
with ths wvariouzs suksystams through suparvis~sr calls (SVQ)

issucd by =ks subsystems for thz allocation << CPU =i
2

%2

im

(7

is allccated on a priori«y basis, the usa 2
s CMS highest, £o0llcwed by cocmmunicazicns I/0 £

-

coamunica*icns processing functions and suppoz-t Zurn

[{Q

2. Ccmpun

Cntzoli

ic

|"
it
1o
I
ta
@}

fn

ubsysz:a

Th2 Communica*ionls Ceon=zrel Subsystsa  (CCS) g an
€xt=nsion of C(CM3, SVCs =cequas+ing commuzicaz=ions 1I/C and
communicasicns I/0 ir<sczupts ace pass;d <o CCS ra=<hse:z =han

C hl

processz=d I3z tha CMS, locazzs &ll communicz=iorn

dsvices , =

31
13 dis-cibutes coamunicazions in<erzup4s =2 +h:z
CS

apprcgiaze subsysten. The C

Erocsssing ¢f 1ogs generited vie zele r, ZIacluding “h=
caannel lcg, secvice 1lcg, =and ths osutgeing 1lca. IZ Ccs
tzrmira<es, all other subsys=<ems will ollcw sincs =<he €low

cf messages in+o the NAVCOMEARS will czasa2.

. Es¢

o

elv

lo

c€orzzcl Subsystanm

The Receive Con+rol Subsysz:zm (RCS) p=cfczas all
message ipput processirg, edizipg, int-ansi® szcrage arnd
ini«ial acccuntability. RCS is designed 2zs arn iz<esr-up*
dziven subsystem capables of g

input cencurrently. Each message r2ceived in RCS is rscez-ded

21
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on a disk file (RCDSK), <each aessage recsivad will be duaal
rscordsed for recovery purposes. RCS allscac

~he receiprt of message input, and convaris messa
into a common forma+, Extendsd Bianacy Co
Incerchange Code (EBCDIC), for processing. K crm
coordiration required to ensuc2 *hat all =raffic received is
ccrrectly . identified by assigning Processiag Segqusnce
Numbsrs (ESN).

4. PFessade EzQcsssing Subsyszenm

The Message Prccessing Subsys=sm (MPS) pscfo
message analysis anrd validaticen, zou

m=nz, and@ d4ia+t=rnal distribu=icn assi E
detarmines @de3sage dalivery requirem2an<s and p=cf
suspected dupiica+s processing, < u

o)
BEsSsages., MBS provides -he NAVCOMPARS in+terface with Videc
Lisplay 1Terminals (VDT) which p2rmiz such funciions as
gsssage enzry and «recall, messags =24i+ing, arnd chenrnel

status ard cenirel,

5. Iransmissiop Processing Subsysz:m
The Trarsmissiorn Processing Subsys=em (TPS) p-cevidss
for transmission chann:l scheduliang, gJueuaing mnsssages for
ic D

*rainsmissi and alteznate -cuting. T
Cirzc*ory and, cnce transmission Is ¢

o
messace *¢ ~-he magnetic cape Jourrnal Pil=s.

6. Izansmissicp Ccnorol Subsyszenm

The Transmission Con*ral Subsystzm (TCS) =<:ca
@msssages to a cormunicazicns chaanel or =ermirai device. ICS
p:ovides format and cede ccenversion, <=diztiag =znd c-zsut:ing

lin= agregation. TCS also gznszrates a Traansmissior

Indicatcr (TI) fcr each messag2 traosamiz:ed.

22
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The Suppcr® Ercgram Subsystem (SPS) pe-fcr-ms cCzpeo=
ganaraticn and file raintenance. SPS main*ains =i+ Houzing
and Distribution Pils: ard producss ceports cf Rou<ing Fil:zs,
Cistriku+ion Piles, as well as, messag? processing szatis-

tics and summaries

C. SYISTEM MNESSAGE FICW

Ths NAVCOMPARS ~cornsis*ts of +hmse Pkasic furc-icas;
message input, @message processing anl msssage trartsmis=zion
(Ref. 4]. A message will enter <th: systzm, 1

cf prccessing stsps, culminea+<ing ir -h2 =rans
messags. Figqu:s
the NAVCCNMEARS

1. Messag2 Input

Messages age sntered into NAVCOMEARS f-oem z varisty

¢s, 4including AUTOCIN, CUDIXS, papsr =ag i

csader, magretic tape, <c¢p=ical charzactar readzr (CCH,
a

telatypz (TTY) c¢r +*hs commandg VDT Jdnce a m3ssSages €= =3rs
“he sys<enm, ~he RCS 1is ncz=ifiad through CCS =hz2+ a iara

tlock has Lkzen received. Cecatrsl o
assumed ry RCS fcr iaput procsssing.
ECS is respcnsible fo 2
messags: stcrag: and has a capacity fcz 590
RCS [pz-ovides gqueue limit warnings whean =the
rzaches 67% and 80%. When <he gqusue siz:z: =
es, all input lines are disc s
sages can be en<=ered in=c <h2 NAVCOMPARS, unlzsss
€nterzed by opsrator persoennel <hoough use of =h
VDT. P-ccessiag and routing of messagszs al-za
and the succeeding subsys<2ms is unafferczed. T
continuzs until the queu=2 size is less than 475

23
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ssigning a PSN, and upon completicn of inpus

A T
Fzocsssing, ®CS wri+es “he message on RCDSK.

MES controls the messaje processing snvizonmensz, i<
rzzads *he msssage frcux RCDSK aad validazzas i%, checks frormat

¢
linss. If “he messags coutains some proc

s

sa e
cr frcrma< errors, the messags is routzd *o

s
a

for ccr-ectica aad rCe-entrv, During prccassin
is paged &rd sec=iorned (six pages or 1s q
c

S
MES has an availzbles quzue size
1

Whex ths gquszuse size zeachss 18), only £flash ¢- highsr prsce-
dsnce messaces zre acceprad., Oncs th:® queu=s size rzachsas
190, MES will only rs¢eive input fzom <h= ccmmand VIT.
Unlike RCS, MPS does nc* =hutdown as 3 z=3sul=z oI quesn:z ziza,
Should MES discontianue poecessiLng, nessages would still bs
rece2ived by RCS, tat 4culd eva2n=1ally <zcesul:t in ACS
exczedirng i-s gqueue limi-=s.

Upcrn comple*ior of izs procassing furc-icrns, #PS

w-izes “Lke messace cr its iisk (MEDSK).

1ES bas =wo gueuss. Q1 is the Messags Accoun=ability
gueue ard ccasists c¢f chose messagss pending precessing
aczicn. ¢1 has a maximum size of 6200 mess

eges, 809 c¢i which
caches 6090, 1PS
will accep* caly immedia*®e, c¢- higher, precadance messags:s.

are ccrz residernt. Cnc2 the Jueue sizs T

The secsnd queue, Q2, is the Transmissiorn Qu=zuz and consis=zs
cf those messages awaiting t-ansmissicn. While a mssszage may
appear only cnce ia ¢1, it may app=ac saveral -=im=s in €2,

25
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spsnding upen hew mapy dslivery <circuiss &z requzz:i. Q2
paximum gquaue siz¢e 0f 47000 messages, 4Q9GJ3 o wanict
aze ccre residen<«.

The message +tr-ansmission subsyszams Jdo no+: shu=icwn
as a result cf queue sizes, however, any failnzsz in -hese
subsys-cns would resul* in th2 irability of <hs NAVCCMPARS
to zransmit wmessages and caus2 resulting backlegs in  zhe
rrecseding subsystens.

TES queuss messages for “rTansmission on a3 fizs=-iz
fire+-0ut (FIPO) basis, by precsdzncs levsl, Flash, o=
higher, prscedence 1levels will iz-ez-up: anv 1lows: pT=sce-

vel currertly beixn psocsssed, W
pr=ecedence levels sinmply precc=2d tc ths a2ad of zhe lina c¢f
Cw:I TZsc:isnc2 res3s3agss.

Yair<enance cf =as vacicus Jue

O
O
=
'.—
[o])
v
a,
[+
n
m

d fo: prccessing 223 <o-ans

RAf+er +ranswmission is compla=sd, ~n%z msssags  *
wZl-=en =¢ -he jcurnel *ape, by TPS, >- Z3:cord purpcses,
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ITI. BASELINE STATISTICS

A. MESSAGE INPUT RATE

In cxder to determine a charac“srisvic messags inpu-
ret2, statistics were 2xamined a% thz Nava 0
S~a~icr (NAVCOMMSTA) S+«ocktcn, Caiiforaia. A sea-ch was mzd-
for a *ims p2riod whers the message vclume was repressnzIa-
«ivs ¢f rcrml load and was 10= affzc-sd ty ary unus
fle2+ cr ashere acztivity. The day c¢aoszn was 3

1982, kadio Day (RAD2Y) 300.

The SES Processing Traffic Anelysis
sxaminzd for RADAY 300. The number <f msssalss rzceived by
RCS per acur and dsstirzi for J:zlivsery on =a2 ccamon chanznel
(HMCC) of tLke multicharnnel broadcast wsrs cecorisd ky pr=cz-

b|

d<ace iavel. Tablz2 II c¢ccn%ains <tk

1))
B8
w
n
n
[C]
Ve
R
1 1
1]
e}
=
ot

RADAY 370. The meacz, X , and stardazd é&svia-icn, oy , for
each pracedence 1level was chcssn as a Rrea :
~he inpu< ravzs, and was computed using zTh2 Zclilo
tions [Ref. 5].

- /—;7 _\d
Eﬁ .= \/ g(x;—x)//\/ (Eqr. 3.2)

where N is +“he number of cbs=rva<ions made

Table III cca*tains “hs r2sul“s of <his ccmpuzazioz.
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1. CIOCKS Pzogzar

CLOCKS is a sof<=wares prcgr-am Jdsvsloped <o aczi-=or
th2 NAVCCMEAERS systz

m gquzt2s A1d measurs NAVCOMPARS 1e¢
F-ocessing rates. CILOCKS runs in the backgzcurd 4nurciag

3sage
NAVCCMEARS message precessing and m2asures the =o:al numker
cf messages ia toth RCS's and MPS's qu=suss. CLGCKS zlsc
msasures the total number of zessages receivsd and processed

Ey RCS &end MPS during a <¢er«ain tinzs intsrval, and makes
frocszssirng speed prejections, bas:d on <his dacza. This

processing sreed preojecticn is what Is normzlly z2fszz-d =c
as the NAVCCMPARS <hrcughput r3=*=z,
CIOCKS can be cp=ra%ted Ia =h:ze ncdes. Mcde cne will
v

produce sys+tem gueue summaries *vary ainuzs: ¢ “he moni-orzd
intazrval. In meda <w3, =22 3syszztm will 2-cduc: Juius
summariss f<r speciiic =ilua: rezricds, wzthain ths acnis=czin

miau+te <ipme intervals, for
deviation of *his daza was caleuala<s=d, wutilizisg =squa+izcas
3.1 and 3.2, and fourd =2 be:

This impiies a YNAVCOMPARS pzccessing  sp
thrcughput rate of approximat=ely 524 massa2g:s p=r hour.
This th-cughput rat2 includes all messages prccessed by the

NAVCCMEPARS, regardless of transmissicn charn
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Figure 3.1 Bessage Prccessing Speed (CLOCKS).

C. MESSAGE TRANSMISSION. RATE

The SRBPA dces rct list <+he characssr leng=h c¢f :zach
message +“ransmi*tted, howsvzz, iz doz2s List =—hz samber of
Tessag

€3 wheose ctacacter leng=~h fzlls within 2 200 chacac=ar
This data was :xaminzd Zor HMCC, dizzng RADAY 309,
ard is cressn=ed in Tabls IV, by posczdsace l:zv
aca trecedence level was compu==d, using the aidncias
2f <he in<srval, and Tabls V contains =h
ince “he NAVCOMEARS utilizas EBCIDIC £
b

S or irn==srrnzal cpsc-
azione, +th: numbter cf chacact2rs ausz be mul-iplied by 8 =2
m
Y

n “he numbsr of bits per massagz.

brozdcast wutilizes 7% Dbaud =zransmission 1lines, +*hus ~<h=

missioc tims,+ , (2 secoads) is =2qual <2 =he massags

length in tizs) divided by 75. Th2 iaverse cf =kis quaai-y,
pl

[ X

ed by 3€C0, Jives <hs t-ansmissior racts, p,(p2:
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A

!

VNI IO IONTI NI M e 11C11201|1-,5
u_ MO =

OF ANIIM IO I PONOT T4 ITMNMOT T Nee OO N
-9 MO ™ = o

- -

3
dﬁog [sglaglalVeloaiV ] E. & ditle lol el ol d alolelelolalalololnlole]

W

WEIO T OO VOO VOVOLOWOLIOGIIIOIIL
- -

~

o)

&

at)
)

-0 LAl Al AL ATRATCATTATOATEATC AT Yo AT ATo e sYe YRS AT 1Yo Y AT, T00T0 110 )
[U] salepleafoaloghe To Yo e Te N0 T T Yo aTo o N0 s To o\ ToaT 0 2T e X0 10 AT 00T 0 aY e sTe s Yo g Yo Y0 4]
PO ™ MUNEOV e THNSOV = NI D= MUNSOY MNMINS-
O NSOV e e = O OIOR NI MNITNIME ) 33 S .33 3 3UOURNOUOIYDY
(o] L I O A R I A O T I I O O I O I O B N
HPPOOOOMOODOOOOCDIOOODOCCOROODODO
iR elelololololalelolololololelslolelolelololelalelalelele Tol
£ NP O00ONFOVRONFIORONIOROINTODCTNIOD
(V] T e ANONONONIM MO MO 3 22 3 S UYL

TABLE V
Message Transmission Stazis

ics

-
-

¥
L
3] (%]
o
o INOWnN
[41{%] saland pdTaYeg)
O] o o o o
4 p Aot~ r~
)OO N
win,
-&7-\

<l

[2i[8] 210" | ol o'}
a—ﬁJ—Q ® o s @
.c"..c9956
b [U1{UTaT o [ Yo,

My e

g

Ee}
3] P
194 10]
[= (X}
Dl
»

ol
) Ownerr~
WM s ¢ o o
t alle) [ EITATVeL: iT0 )
Olone—oum
NN ONOVD
U e
o~
*3)

§¢
<&

Ericrity

Immedia
Rou=ine

E
Flast

J

31

.........




P e,

3
E
<
b
b
N
i
U
1
i

o
o
;
@
k—-—
"

D. STATISTICAL ANALYSIS

The average message input ratz fer HMCC s zThe  =um

the averags irput rates of all presczdence lavels ard iz

givar by [Ref. 2].
[
g N, (Eqn. 3.3)

wherze P is the number of prscadznce lsvels
Frcm Takls III, <this value is approx
E=r hcur. When comgared ¢ +hs avser
spesd cf£ FPS (524 messagss pzar hous
+he ‘trcadcast inpu%t rate causss
processirn snbsys+en, This resa
requirad, since ore broadcast channzl is only <cn: 2f zanv
NAVCCPMEARS' transmission linas,

The average “ransmission ratass, 1list=zd i: T=z:l= ¥, an-
2alsc well below *he message processing spesd. Tas Cesalsc »F
<nis speed differiential is Jepic=zd in figurs 3.2 , wkich
lis=s <he Lkcurly message <wzaasmission backlog fcoo  HMCT,

during RADAY 300. The mezn hously backl>g was ccampu-e¢d <2 e

app-cxima+ely 35 messages. This hackisg is well Ft=isw zhs
100 message lavel, ccnsiierszd acuzs Dby =hsz YTS's azrag=:s3.

I£ an assumgr*ion is pade tha= this backlog <consis=s of :h:
lowsst precedence 1level, +then izs &l
cver 114 minutes ( *hs backlecg amzl<iplied by =hs =ransmis-
1
w

sion +iag), if no Lkighsr pr=cedence massagss ac-= Tzceivaed
for traansmission. This 114 aiautszs uld ps addzd =z zthe
€ me

2
~0%*al ~ime each c¢f *te 1lowes: prscadsnc
“*he syszem. This illustrates th: impor:a
smissica tacklcgs a< 2 minimum.
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FPigure 3.2 Hourly Messags Backlog (HNCC).

This speed differern<ia
acticn =c sliminate Lkrocadcast gusus build-up during periods
¢z high messags input ra+:s
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An Irdication of the use o7F =
given bty the ra*io of its  @massage Input and =rarenm
atss. This measure is callad systzuw's utilizacion, p , anl
is -spra2sen<ed by [Ref. 2].

p = 7\1//4; (Egqn. 3.4)

Whers A is -he mean gessage inpuat ra*te (massagss/hcur)
b is *he rean message Xalssion rate (messages/zhour)
val, <¢f HMCC, wacs

calculated using equa*ion 3.4. Table VI con*ains +4hase

The utilization for each precedence 132

Lesults.
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TABLE VI
System UOtilization

epcs lsvel Uziliza

-}

iate .1
ricricy e3
Routine U

A u=ilizat*_on rate =qual *o or grzates :than c¢cz:z would
indica=e <ha+w ~hs transmissicn qusue would inc:z=2ase wi-kcu~
tound. Th2 lar3: devia<ion in messags input =-ates, <spe-
cially a+ <he Routine precadsnce l:zv=l, indicaz=s an
explecsive situation, since +he uvwilizavicn rz%e is nzar one.

Th2 clcse:z =he =sys<emr u-ilizazion is %o cne, the grsa-=a3r =h=
t h

delays in the sys+:zm will b2conme, and <he graater <he
average quaue size., A hardware or <rarsmission subsvs=zen

failurze a= such a high utiliza<ion «ra%t=: would ==

S
rapidly accumuia“ing backlog. Givsarn *hsz speed d:if
cf —he NAVCCMPARS's processing and &r a

a

a
this tacklcy would bs 2lmcst impossibles =c zlimin
o)

troadcas= chanzel's cucrant <raasamission Cate.

An ideal atilizz=ion rate is czn3 that providss preruer
talance Le<weern corflicting demands »f uziliza=Zon and dziay
“.ms. tu< should prcckably be arcund 60 pezcsn=. gain, *he

A
simplistic sclut:ons wouli bs =0 eizhsr decrzase -he mszsages

irpu< ra%te or increase the ma2ssage transmission Tzte, A 13N
gerzent reducticn ir +hs averags message Iinpu= ratas of
Inmedia-e precedence laval, and bzicw, #on.d Tesul= in an
eight psrcent reducticn is sys“=m utilization. The massaje
¢ransmission rats could be incr2ased 4“=n pec-cant, Lty 2 =2n
percent reductiorn in the averagz aessage leng=h, za2i wsulid
also rssult ia an eight percsn<- reduc=ion ia u<iliza<icn.
e€s ~cul

Thk=2 simul“areous emplcyment ¢f both of these mzasuc i
achieve sigrificant zeducrions in =hs u%iliza=-ion ra%e, 2and

resul« in a more resgcensive ceommunicz<icns chann2l,
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IV. MODEL DEVELOPMENT
The esployment of an idealized ma*hematical moi=
descriptive tool, provides zas2 of analysis. Be
randon arzival rates into thes systzm 2nd -=he syszen!
service timss, a matbkamatical modsl may et rzéfl

sys-em's st3mus at ary one imstant Irn <im2, only an

1, &s a

causs of

value. If intecest 1s in <he changs 9f the system over tigme,
<her a ccmpu*er simulation should bes =mploy=d. Beforz simu-

latiorn 3

m

ttempted, an idealized math2matical =m
grove to be a useful =ool. Howevsz, <hs i1deal
intzcduced in <he wmc¢del must rzflect ths <sssanzial
tzristics of the modsled syst=n.

A. MCDEL ASSUMPTIONS

In at«smpting to £i+t a mathematica

pssSsage ficw (as described in C ) : massa
rat2 aad the message prcc=zssing spesed aifis
{or=sena=e€d in Chapter IIT) 3uppoLts 2n 2ssumpticn
irput za<%e I3%to +th2 <oansmission subsystenm is =<he
+ha< c£f <he r=ceive subsys+anm. Th: assump=ion is a
*+hat *hsre sxis*s nc restrictions on messags input =

tha< arn irn
iz based on 2n assumpticrn of irnde

2 message Irpu* zad =z-ansmissiscon rzaze

assump=ica is a

tzaasmi=zting at “he channel's <ransmission -a2=e. Qu

are assumed equal to those described in Chapzt=sr II a

cizl may
iza=ions

charTac-

PR P S

lso gade +tha% thers =xists no pzcblems in

discipline .s assumed =0 be FIPO, by p-acedznce level, and

N0 messages ars allowed to lsav: =he queue, &xcep:
smissica.
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1. Ecissop Arzjyval Rat

o

The message iaput oz arzival -zts 3 azsumzd *° b=
randoa, and cannot be predic-ed wi<h ccmple=zs =zccuTtacy
Bowevez, this arrivel rate can bz described s=za*is-ically,
ty means of the Poisscn probabilizy dis=zribu=inr func+icn
The prokacility +ha* *the func=ion, f(x), will =aks ¢on z2nv

value, ¥, 1= given by [Ref. S].

‘F(_X)-: 7\X ék/)(,' (Egn. 4.1)

whers A is the gean messag2 iInpu
Th2 cbsearved messags inpu: r
+he <h=scrs+ical probabilisy dis<ri c
Kelmogczcv-Swirrcv gccdness ¢f €it test, 2and found zha=z =-h:
assumg=icn cculd no= be r2jzcz=2d4 a=x <he .01 =ig

—
w

vel. Takle VII ¢isplays =h2 resul:s of <hs gocdnzss of

h
}l.
%

ct

gs=.
a. KOLMCGCECV~-SMIRNOV Gecdness of Fit Tzs=

Gocdness c¢f fit =rzf=ars to <h
cbserved fraquency distoibutien =c zh20ry
the KCLMCGOROV-SMIRNCV goodness of £
cummulative frequency distribuction (CDF) iz listed ané =zhs
“hecretical CDF is de*ermined based on tae 2ppropiaczs zgua-
tion. The deviation is defin=1 as zh=2 abso v h
diffezence tetween thke cummulativs obszrvad and +h c
freguencizs, Thes maximum devia<ica is comparsd -o <-hsz Takls
¢f Czitical Valuss, listed in figurme 4.1, for dsrzrminazion
¢f the significance lievel, or the probability of coum:

a Type I =srror. A Type I =2rro- is comnit=ed when
assumgticn is -ajected. Usually, an assump+ticn is z=ested a-=
a .05 0oz .01 1levzel cf significancs.
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Levet of Significance for D= Maximum | #{x) =S, (0!
Sample Size — - —_—— =
() 20 .18 .10 .08 .0
1 .900 .92§ .950 978 948
2 .684 .726 776 .842 929
3 .568 .507 .642 .708 .828
4 494 .525 .564 .02% 733
S 446 .474 .510 .568 .69
"6 410 .436 .470 .51 .618
7 381 . 405 .438 .486 .517
8 358 .381 411 .457 .543
9 .339 .360 .388 432 514
10 322 .342 .368 .410 .490
11 307 .326 .352 .391 .468
12 295 313 .338 375 .450
13 .284 .302 .325 .361 .433
14 274 .292 314 349 418
15 .266 .283 .304 .338 .40¢
16 .258 .274 .295 .328 .392
17 .250 .266 .286 .18 .381
18 244 .259 .278 .309 .31t
19 .237 .252 .212 .30t .363
20 .31 .246 .264 .24 .356
25 .21 22 .24 .27 .32
30 .19 .20 .22 .24 .29
35 .18 .19 21 .3 .27
Qver 38 1.07 1.14 1.22 1.36 1.6
v v v vn vn

Figure 4.1 KOLMOGCBOV-SMIRNOV Tabla of Cri<ical Values.

Z. Expcrential Messag2 L:3agth

4
p
==

The length of messages a-riving £aT -rarnsmissiza er

¢+he muylti-channel brcadcast =22 alsc 13S d <o Lke zandon,
X

ame
pepzn=ial distoitbu-

b“"“ 2 .

}y, tu+ can te desczibed by +*he negative =2

ff tion func«icr. The prebability =ha= =h: funciiecn, £(x), #ill
ﬁ; tzake cn any value between 0 arnd x is givsn by [Ref. S5).

o

& -1/x , )
- -1 (Egn 4.2)
2 flx)=1-¢

Ei wheze 1 is the mean messzge l2ag-h (bits/messzags)
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The cbsezved nessage length statis+tics wszz <:-3-ed
agairnst <*he thsoretical probabpility dis=ribuzion, again
using t<he Kclmogcrov-Smirnov goodress o5f f£it +ss=, zni 2o
+rat the assumption cculd ao%t bs rejz2c=:2d4 a< thz .01 signi-
ficance level, Takle VIII displays the rs:sul
goodrness of fi+t test.

E. MEASURE CF PERFCOEMANCE

mathematical wmcd2l gensrazes s=

A

recformance upon which thz mc
measuze Of perfcrmance azmili
aje

time withir the syst=m.

1. Av¥gzage Sysisp Waitirg Tima

o5 When a2 msssage =n=ers -he Syszem, th: lang<h cf tine

:f: i< rema.rs h2 sys<em 1s dstscmized by zh:2 amcun=t ~< <ias

Eﬁi i- spsnds waitirng *c ke served znd b=2ing sacved, Undszo zh=

n. #cdsl's assumptions, <the service time is a func+ion cf =he

m2ssage length and the <chann2l's baud =s-z2<e. Ths averagsz

. szrvice %ime Az =ranseission <ime <fc¢r- =ach przczdarc: leval
T

cf the utilization <¢f tams systsm ané =he g
s a

~he pclicies <that determine how 22sS353g3Ss afe 3 l=cz=d for
ser <ilize beth

¢ ag
ice. Th=: NAVCOMPARS “ransmiss2cn sSubsystams
ceemptive® and "kead of <thz lizs" p

HE

-C

zcedeance messages presmpt Or inTitIZupT TS Srarsais-

sion c¢f lcwer precsedsrnce messagss. Wails Iamsdia-s l:3v:zl,

and kelow, messages proceed to the he2ad o0f “h2 wai=zing lina

£cr lowez pr2cedence messages, withou=< in==arccup=ing =ias
P

transrizsion of <the curren:t messa

s ] \Cc
w
(0
O
w
=
1]
W
'g
—
»
n
o o

ce messages Zepresent aly ¢
tiliza%icn, =he NAVCOMPARS i

2 peccent of +he -cztal
a s )
the line" prioritcy dispa-=ch only.

trza<:3d h=zre as a "h=2&d

.

—

',

)

’I o . 'I ll I AIV I I L) . I . I I .III l - s N e - Y — . - Bl s A




J

9
TH0* $S6° 00°T  ThD® BS6° 00°I 0065
6h0° ©S6° BUG*  0LO*° hS6° hBB"® 00LS
EhD° 6H6° 006° 00SS
00€S
Zh0® LEG*® S68°  E90° LEB" LhB8" 001S )
ShO® 0€6° 588°  T90° O0€6° 698° 006h
Zh0*® Z26° 088°  €90° ZZ6° 6S8° 00Lh
6G0° ET6° ShB"* 00SHh
820° €06° SLB°  hS0° €06° 6H8" 00€Eh
2Z0° 268° 0.8° . 00TH
ST0* 088" S98° GEO® 6L8° hhg* 006€
900° 998" 098°  LEOD® 998° 68" 00LE
900° 0G8° hh8°  ThHO® 0S8° 608°  9G0° wh6° 00°T 00S€
S00° €€8° B8Z8°  hh0°® €€8° 68L°  6S0° "€E€6° I66° DOEE
TT0* HI8° €Z8° O0€0° HIB® hHEL"® 00TE
h10° €6L° L08* SL0° LO6°® Z86° 0062
LTO® 69L° 98L° OT0° 69L° 6LL® 00LZ
€€0° E€hL® 9LL® 680° Z2.8° T96° 00SZ
Zh0® E€TL® SSL°  GSO0° hIL® 69L° 080° 6h8° 626° 00€Z
S90° 089° Sh.L®  6S0° 089° 6EL°  L60° ZZ8° 616° 0012
S80° wh9° 6ZL° 9L0° €h9° BTL° G80° T6L® 9.8° 0061 <
680° £09° Z69°®  0L0® €09° E€L9° 090" €G.L° EI8° 00LT
L80° LSS*® hh9°®  G90° LSS° ZZ9° ThO® BOL" 6HL® 00ST
ht0° 90S° 08S°  090° 90S° 99S°  €£00° 959° €S9° 00€T
ShO*® 0SGh* S6h°  GhHO® OSh® G6h°  900° G65° 68S° 0011
) GE0°® 98€° TZh®  €h0° 98E° 6ZH°  OhO® 2ZS° ZBh*  86T' Z08° 00°T 006
: ©00° 9TE€* OZE"  ©00° OTE® ZIE®  h60° LEW® E€hE®  62Z° 9IL® Ghb® 00L
3 ThO* 8E€Z° L6T°  0G0° 6E£Z° B68L° EET° LEE® HOZ"  SB8T" €6G° 8LL® 00§
2 GZTI* OST® ST0* 660° 0OST° 1SO° : 00€
1 Lh0*® ZS0° S00°  LhO® ZSO° SOO° 00T
- 3-0 dx3 sqQ -0 dx3 sqo -0 dx3 sqo 3-0 dx3 sqo
’ INIINOY XLI¥OI¥d ALVIAIWKI HSV'1d HIONIT
..: u,._...m MO SSauUpoo0y :chmd wwmwwwz
g IIIA 379V
.
!
: Y W )

e a e - oo e Wt
o s s FAPEADIEER O PRI IrLr Sy




e e

n kPt
IR <,
P B

L e

o

SRR &
» 1‘.- -1
L

Ll St Sen aus AN Jeaenc e IR e dne

Ap analytical modzl, =<haz confcIns <o T.us lzzctizad
asumptions, was preserted by Leonard Ki=2:iazock [Ref. 6], for
the determinatior of the 2verags waiziag +ime wi-khiz a =ran-
smissica queue, Wp. This mcdel is given by:

¥(@-/A‘Jﬁ) + g /O'//u‘
) =\
P Pz
W = { (- Ze)
P } R 21} i=P (‘.‘:qf‘.. "".3)
‘I
L o p <y
?
where j is <he spallest intager suca that 2({.<1
4 is ~he mean <rarsmissior rate (meséiges/h:ur)
p is the channsl utiliza<ioz
O e <l
)
arnd 7(: = 1 - éﬂ (Ign. 4.4)
—_—t e 21
r,
- =i
Equaticn 4.3 was u+ilizad <> compu=2 <he 2V:IzGE CuUSue
waizing time €or all precsdencs lsvaels, for IADAT 36 This

Q.
result, when added tc the avzrags ctrzasaissicn =ims for zach
Erecedence levz]l, gives “he vstal 1a
spends within *he system. Table IX c¢o
all rrscsdenc2 lisvels, during RADAY 30

The results gresented in Tab

for
Ww
(]
-
-
rh
9]
H
]
()
W
n
1
o]
H
[17]
O
[1}]
]

d2nce =raffic, are erroncus siace 31 Lead 9 <z<he 1line

priority dispazch wmcdel was used. inzce <*his precedernce
lzv2l interzupts +bke trarsmission of 1lowexz precedence
lav=ls, its total time in th2 sys<em 135 approxima=ely zgual
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TABLE IX
Average Timse Ia Tha System (minutes)

ERECELENCE QUEUE WAITING TIME  XMISSION TIMNE  TOTAL TIME
PIash’, 2.9¢€ .39 3095
Impeéiate 3.41 2.16 S.57
riority 6.62 3.42 10.04
Rou<ine 115.29 3.27 118.5¢€

<> i+¢s trarnsmission time. The
remaining p-acadsance levels :h
avertage quene waiting tiass, a o] i
system wculd be somswha< lcacer, btecause of =<:mes spvex= in

+ha receive and processing subsyszenms.

C. MNCDEL*S PREDICTICRS

I+ is impor+tant +*o note tha* *he rasul<sz cb
the use c¢f 221 analy*ic model -epres20:s <he steady stz=3, oc
long=-run kekavior of +he sysrem. Althouga this mcd2l dc=s
pot reflsct +he transiznt tLkehavior of the sys=en, it is
sufficiert <c predict futurs 1ong-run bzhaviecr under varying

His<rezically, tle <ctal WAVCOMPARS! m2ssage *-zfific has
incresased a< a linear wa%z sinc2 1975 (s=2e figure 1.1). This
increase Iis expec+ted =o -2acn 38,000 massagas per day for
all fivs NAVCOMP el 2f

e

RS sizez in 19%6, frcm its 1982 1=
e

=h2 curzent per a
rzmains ccns*ant., Table X cen<2ins predicted n
rat2s, taseé on +his assump<+icn.

If ap assumprion is alsc m2ade =ha< <hke zveragz m
leng<hs cf each precedence lsvel alseo rzmaians conszan=
during thess tims p2riods, <hen +he broadcas=t channszl wculd
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TABLE X
Predicted Message Ipput Rates (per Hour)

YEAE FLASH IMMEDIATE PRIORITY  ROUTINE
1383 - 80 3.873 8.66 9,09
1G€4 « 85 3.85 7.06 9.63
1985 <90 4.08 7.49 10. 21
1960 1. 21 5.46 10.22 13.66
1395 1.62 7.32 13.42 18.30
2300 2.17 9.79 17.95 24,438
expzzisnce higher utiliza=icn rates. Table XI corn=21i2s =zhe

pcedictsd u+<ilizaticn €for all pracsdznce lsvsls £or EECC,
through the year 200C.

TABLE XI
Predicted Broadcast Utilization

YEAR EIASH IMMELIATE PRIORITY ROUTINF TOIAL
3983 | <13 - 38 ~ .49 R
1984 .01 o 10 .40 .52 1.07
1535 .01 .14 42 <55 1.12
1999 .02 .19 .57 .74 1.52
1995 ez <26 .76 .99 2.03
2309 02 <35 1.32 1.33 2.77

Bas:d upon <*his przdictzd wu=ilizza%ion, —hs avsrag=
wai-ing tige wi+hin zhe ¢transmission jusue <can be g=2lcu-

ai-i
latz3, wusirzrg equaticus 4.3 arnd 4.4. This rssul- whzan added
tc ~he average *t-ansgission <ime, giv2s the :tozal *time s=psn-
ip the system. Tabls XIT contains <hsss oradictzd resultis
through the year 2000.

The akove -esults are all subj2ct o =h
assumpticrns =c-sgarding asssag2 Inpu-= catsz anrd message
leng+h. Again, the rssul=s for Flash pzo=c=d
inaccura<e, howaver, 2as the input za=: >f Flash przczdzrce

+raffic irc-eaases, that levsl would also =xr=arience scm=
dzgree cf queue waiting “ime. The daza in Table XIT iadi-

cates that zhe average waiting time, within -he qusus, for
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TABLE XII
Predicted Time In The System (minu+es)

R ELA,?;X. ] 1.&22}.5%.@1 B&I..O.gl:l, EQQE%L!E )
2 ueue l1iota yeue iota y2ue 0t3- Nele aTa
*953 533 “qo08 23515 <9385 9‘11. 3 13775 9“65‘ ==
1984 4.78 5.77 S.63 7.73 12.39 15.81 oC oo
1985 4.90 5.89 £.77 7.93 13.29 16.71 A e
1990 5.51 6.50 _€.97 .9.13 31,07 3u.49 =3

1995  B.87 9.86 12.32 14.48 oo oo o
2000 10.57 11.9€¢ 17.65 19.81 O Ao < oo

Routine msssages beccmses indefini<e, starzing iz 19382, whils
the average waiting time for Priori<y a2ssagss b
finite in  1995. Takle XIII d=zpic2s zhe effec=
psccent reducticn iz th2 averagzs messags leng=hs cf all
ecedence levels, under the assumption < 2

ey
(2}

tatss. 1These results da2mons=<raze “ha:t a <=§2 percsn= -:duc-
tion ir +he ave-age messags lsag=h would id2cr22
utilizatica and wai+izng *imes, bu< weulid cesul-
finite wai*ting period fcr Rcuziae messaqgq=zs = 19
rssults alsc demcns+rate ~ha= if mess
to be employed +o0 ersur-s charnnel uzi
tiones ¢t 40 or 50 percent aze zeqal
channel is +o meet ccmmunica*ions rsgui-zmen=s <h-cugh <he
1990's.

TABLE XIII
Predicted Effect of 10% Reduction in Message lergth

oip quelMSE. . Jmmpars o emmommn o sourgiz
Jueus Toxea ueu s o0tal 1112 oy - P DUgudE 252l
%983 Jizne 3.3 £ .82 ~3°T7% Q-5TT7-8725 57535 TTURTYO
1984 272 3.69 3.13 4,07 6.08 9.16 132.3% 135,29
1985 2.84 3.7¢2 3.31 4.25 6.33 9.9 oo D
1995 c.2C 6.08 6.93 7.87 113.33 116,41 s g
ug




The cur-ent practice of 2mploying an ovazlcad chznnol
has the effect of dcubling the capaci<y 0f <+=he channel 1nd
its transwission rates. Tabl2 XIV shows *h2 =€fec=, ucoL
waiting times, cf 2mploying an overlosad channel =-hreugh =a
ysac 2000, under +he assumption of increasing inpuat -azas,
While this acticn wculd ensure that ==3quissmzn<s act: me*
uptil 1995, it alsc demons+razes tha*t sogme ccmbina<icn of
koth transmissicn rate increases &aad mszssags inpu-t I3%s
raduc+tion is required to satisfy requiremsnts a< -h: -utra 2%

+he cen=ury.

TABLE XIV
Predicted Effect of Employing a Dedicated Ovarlocad Chann=z:l

FELASH IMMEDIATE PRIOAITY ACUTINZ

YZAE gusGe Tczal guzu3 T2ZaT Quel3 T2Zal Qusus rT--al
1983 .72 TTC7T TTJ78 T2U9% T79% T3 TT7938 5329
1984 .18 1.77 .35  3.01 1.16 4,58 2.32 $.n0
1985 .84 1.83 .91 3.07 1.29 4.71 2.7¢ % .05
1990 1.15 2.14 1.28 3,44 2.10 3.52 7.39 11.26
1995 1.51 2.50 1.77 3.93 3.70 7.12 e ~Z
2000 2.13 3,12 2.64 4.8 8.32 12.24 o~ s
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The curcent time cbjectives for delivecy <f =ach messaqge
grecedence level ar<s prcmulgatzed in ([Ref. 7]. Tacle XV
lists +*he writer-to-readsr +ime objectivas fer  naval

TABLE XV

Hessage Delivery Time Objectives
ERECEDENCE IIME OBJECTIVE
PI1asth” 10 a2
Imnediate 30 mix
EZlorizy 3 houcs
Rcutine 6 hcurs

mescsages. Yo £cr 2 msessege

The <otal wriisr-to-reazder del
deszinsd for the fleet brcadczsz, Lig ac
NAVCOMPARS. dcwsvsr, c
(i.2. AUTODIN or CUDIXS
NAVCOMFARS Iaprzssnts & largs b

~me spen* in <che

rormally high spz2d inpu< circui-s
<ne timrs spert in <he
tagzs cf thke *ntal time iz2lay.

The statistics ga+herad fc- RADAY 3C0, 2nd zths a
=ion c¢f£ <+ke analy=-ical wmcdel, iadicate <hat +h
cbjsc*ives can cuczsrntly be satizfi=d by

<~he mul-ichanrnz2l
kroadcast. Futuz2 pradictiors, s=d upon an assumg=icn of

six 8rcent yearly msssiage g:ow:h, indica=es tha+

cbjectives will not ke met in “hz latz 1980's. Duzing <his

time franme, ths utiliza<icen of =42 aul<icharnnsel brcadcass
a

will exceed one and Routine wculd remain iz <h=

sys-enm indefini<tely. Duriag the

spent in %*he syst2m of 21l ncs lavels will havs
increased mecre than 300 percenc, and ths tctzl system u-ili-
zaticn would be cvar +wo. Tais weould indica<e =h=2
requiremnert of, at lsast, 23 full-tim2 Droadcazst c¢varload
chaznel, in crder %+o0 sa<isfy curcent =ia2 cbjsc-ives=.

ue
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A. RECOMEEBDATIOCNS

Thrcughcut this effort, <hr2e simplis=<ic scluzicns have
appeared:
1. Decrease the messag?2 inpu* ra<ze.
<. Increase the channel's “ransmission spe<i.
3. Reduce the message length
While e-<her, or all, of th2se op:=ions woulld imprcve =<he
utili2aticn rate, and *hus channel pecformancs, “hesy ars rno-
ple =c faplemsent,

The ccmupunications maragsrs has a clsarly dsfined s=ail

€T sufper= zcle, ard as suchk, cannot dirzctly affect ths
@2ss&gs inpu* rate. However, in tha staff Zols, =he ccmpuni-
cations marager can impress upon commzadzTs, 2and c<her

o
usars, the =£f=c+ upcn “he gqualizy of
2Z system cver utilization. The

time) model indica<ss -<-ha-=,
rot cnly does an increased lcad affect averzg2 waitirg =ime,
but so dces increaszd high prsczdsncs u+iliza+ion. The
communica<icrs manager should selate ths raquirsman<t <c kzeo
cadsnce message inpu~w ra<ss as lcw as possitle, i€
~he messace p-ecederce systeam s +o0 serve i=s Zuacticn of
allowing thicher 2rioris wcaffic =<2 Dbe <zrzrnsmiited as
rapidly as pessibls.’
The speed diffsrsncial betwesn the NAVCCYPARS prccessing

ms indicates a ceguizzmen<t for 2
y delivery systsm, such as mail, shzuld the syszenm
tended ocutages. With such high n1+*iliza-ica ¢
messages ées+ilaed fcr d2livery via th:s wmul-ichannsl br-oad-
cast, wculd zxperience externdad quauz wai<ing <“imes af-3r 2
Ssystem cutage. Corcuzczn+ly, it is <ZIrcumber* upon <he
communicaticnas manager +> assist ia <he devalopmsn= and
iaplementaticn of al“ernative msthods of sa+iszfyirng ccmauni-
caticps rsquira2ments, 1£ he is <> succeszd iz an sffco= <o
reduce ~“he “ctal messags iapu= raczsz.
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There are twc means of increasing the message <ransmis-
sion rate, either by increasing the channelt's trarsmission

rate or reducing message 1length. Inczsasing the chanrnel's
tranmissicn speed is a techniqus curren=ly igplemenzed
through thke use on an cvarlcad channzl. Th2 smpl

p
this cpticn is subject =o both the availibilitv of
channel and <+he capability of ths fl23+ uni=s *o
ad3itional channs=l. An incr=ase Iin ths channz2l's
sion speed, akove 7% baud, would =c=zguize 4ext2nsive
tschnclcgical and logistical changss, and is no*t cocrsideczed
a viakle near *erm cg*ion.

Th:s rsduc-ion of messag: 1leng=-h <rCepresen+ts the mes*
lik=ly mears cf increasin <hs channel's <h-cughput
Commurica<icns managers should examine ths cucrent fecomat of
raval msssages tc deteraine if ction
mzssags cverhead, such a3z messag2 headers. Again, i< is *he

a 2

cf the Zmportance ofersducing nme
ccizical wi=h high precedence traZffi

ot
o
o
[11]
n
h
'—l
[
<
)]
'_-l
n
-

. 2
R}
O
B ]
(1Y)

¢f leng2:r +ransmissicn =imes &
waizing times of all lower 1lzvels

The rzducticn 0f msssage leag-h c¢culd be ezccuraged
through +he al+eratica of =-h: presaa%« JAVCOMPARS aqueun
discigline. Instead of <+he presen=t FIFO, by precsdsnca
level, a system could be implemesnted =<hat allcws msssag
groceed ¢ the "head of the 1ine", withia “h2ir cwn prece-
dence level, Dbased ¢n the message lzag=h. Users cculd
k2 infcrmed +hat “he length o0f <heir nmessagss alsc de-aer-
mines <he quality of service r3ceivel,

Histcrically, ccmmunica<ions managa2cs have a“=zzmp*ed *c
€nlist <te aid of users in improving the guali-y of service
provided, withoutr +he usz of penali=iss ¢z irncen=ivss, The
above raccmmendaticn would end <his praczice, z2nd zZesalt in
a mcre 2£fficient systenm.
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